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Nuclear topography of the 1q21 genomic region and Mcl-1 protein levels
associated with pathophysiology of multiple myeloma
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Chromosomal rearrangements and copy number variation are frequently observed in cancer cells, including multiple
myeloma (MM). Karyotypic abnormalities seen in MM cells correlate with the disease stage and drug responses. Here, we
investigate the nuclear arrangement of the 1q21 region; amplification of this region is an important diagnostic and prognostic
marker of MM. We examined the lymphoblastoid cell line CD138" ARH-77, multiple myeloma CD138* MOLP-8 cells, and
the CD138* bone marrow fraction of patients diagnosed with MM. In this experimental system, we observed that gamma-
radiation and selected cytostatic drugs such as melphalan and dexamethasone did not significantly alter the nuclear radial
arrangement of the 1q21 region and other relevant regions of chromosome 1. Similarly, conserved nuclear radial positioning
after cytostatic treatment was observed for the c-myc, TP53, CCND1, and IgH loci. When analyzed Mcl-1, a protein encoded
by a gene mapped to the 1921 region, we found that the variant Mcl-1 is highly expressed in multiple myeloma MOLP-8 cells,
but not in peripheral blood lymphocytes of healthy donors or lymphoblastoid ARH-77 cells; this is in contrast to the expression
pattern of the Mcl-1, variant. On the basis of these observations we suggest that the 1q21 region is an important diagnostic
marker of MM, particularly the gene encoding the Mcl-1, variant, which can be easily detected by western analysis.
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Karyotypic instability is common in most tumor cells,
including multiple myeloma (MM) [1, 2]. The presence of
karyotypic abnormality, particularly hypodiploidy, cor-
relates strongly with a poor prognosis in multiple myeloma
[3]. Karyotype profiles of MM are very similar to those of
some epithelial tumors and in the blast phase of chronic
myelogenous leukemia [4]. Analyses using comparative ge-
nomic hybridization microarrays have revealed that gains and
losses in specific chromosome arms are frequently observed
in myeloma cell populations [5]. Deletion of the 13q region,
which includes the retinoblastoma tumor suppressor gene, is
a prominent cytogenetic marker of MM [6]. However, some
patients in which the 13q14.3 region is retained show a gain
at the 11q23 region. This distinct subgroup of MM is also
associated with an unfavorable prognosis [7]. Fluorescence
in situ hybridization (FISH) techniques have enabled the
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identification of other cytogenetic markers, such as the gain
of 121 and the translocation t(4;14) [5, 7], which have been
relevant to clinical output. Translocations involving the IgH
locus (14q32) are very common in MM. In addition to the
t(4;14) translocation, IgH can also translocate to other regions,
such as 11q13, 6p21, and 12p13, which encode cyclins D1,
D2, and D3, respectively. A common secondary transloca-
tion involving IgH and the protooncogene c-myc (8q24.21) is
detected in 15% of patients at all stages of multiple myeloma
[8]. Mutations in other protooncogenes, such as KRAS2 and
NRAS, are also associated with poor prognosis [9]. In ad-
dition, the abnormal expression of only three genes, RAN
(6p21), ZHX-2 (8q24.3), and CHCIL (13q14.3) have been
found to be correlated with rapid relapse [10]. Interestingly,
each of these genes influences the prognosis independently, so
that the combination of RAN over-expression and decreased
expression of ZXH-2 and CHCI1L represents an unfavorable
prognostic indicator [10].

In this study we explored the nuclear arrangement of the
1921 region, which is one of the important chromosomal aber-
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rations in MM and even in other tumors, in myeloma cells [11,
12, 13, 14]. It has been shown that amplification of the 1q21
region is associated with poor prognosis [15]. Hanamura et
al. [15] showed that 1q21 amplification is low in monoclonal
gammapathy of undetermined significance (MGUS) and it
increases to 43% in the transition of MGUS to MM and to
72% at relapse. This genetic alteration is closely associated
with inappropriate regulation of expression of the c-MAF
and MMSET/FGFR3 genes. Moreover, 1q21 amplification is
often associated with deletion at chromosome 13 involving
the retinoblastoma tumor suppressor gene (Rb1), which is
associated with a more aggressive clinical manifestation of the
disease [16]. The presence of more then four copies of 1q21 is
associated with resistance to available anticancer treatment;
patients with amplification of 121 do not respond to thalido-
mide therapy [16]. The significance of 121 amplification in the
progression of MM is not clear and efforts have been directed
toward identifying the molecular mechanism underlying this
genomic aberration. It can be shown that the CKS1B, BCL-9,
or RAB25 genes can be involved in 1q21 amplification [17]
and the gene encoding p27KIP1, which is a cyclin-depend-
ent kinase inhibitor, are considered to have a role in MM
tumorigenesis [18]. Together, these observations demonstrate
that 1q21 amplification is associated with unfavorable MM
prognosis accompanied by the absence of a response to tha-
lidomide treatment. Therefore, new cytostatic drugs should
be evaluated for use in treatment of myeloma.

Here, we provide a detailed procedure for to the preparation
of DNA FISH probes for clinical studies on 1q21 amplifica-
tion. We have analyzed the nuclear radial distribution and
karyotypic stability of the 1q21 region in the MM cell line
MOLP-8 (CD138*) and in the multiple myeloma-related, EBV*
lymphoblastoid cell line ARH-77 (CD138"). The ARH-77 cell
line has a karyotype and IgG level similar to CD 138* MM cell
lines [19, 20]. We also investigated the effects of gamma-radia-
tion and the cytostatic drugs melphalan and dexamethasone
in these two cell lines. Karyotype changes were also examined
in CD138* cells of patients diagnosed with MM. In an effort
to identify a marker of MM that could potentially serve as
a diagnostic tool, we explored the myeloid cell leukemia-1
protein (Mcl-1), which is encoded by a gene mapped to the
1921 region. Mcl-1was originally identified as an antiapoptotic
protein and has two alternatively spliced variants, Mcl-1; (32
kDa, short) and Mcl-1, (40 kDa, long) [21, 22]. We observed
a remarkable feature of Mcl-1in MM cells. The Mcl-1, variant
was expressed at a high level in MOLP-8 cells but was detected
at only a very low level in the EBV* lymphoblastoid cell line
ARH-77 by western analysis. The full-length variant Mcl-1,
was expressed at a high level in both ARH-77 and MOLP-
8 cells; however, expression of Mcl-1, in peripheral blood
lymphocytes of healthy donors was quite low. On the basis of
this observation we propose that Mcl-1 protein expression
level could serve as a diagnostic marker of MM if validation
in a large group of patients and demonstration of statistically
significant results can be achieved.

Materials and methods

Cell lines, cytostatic treatments, and clinical samples. Lym-
phoblastoid ARH-77 (CD138) and multiple myeloma MOLP-8
(CD138") cells (both from DSMZ, Braunschweig, Germany)
were seeded at densities of 2 x 10° and 4 x 10° cells/ml, respec-
tively, and cultured in RPMI-1640 medium supplemented with
10% and 20%, respectively, fetal calf serum (PAN, Germany),
100 IU/ml penicillin, and 0.1 mg/ml streptomycin at 37° C in
a humidified atmosphere of 5% CO,/95% air. Twenty-four
hours after plating, the cells were treated with melphalan (20
mM dissolved in ethanol), dexamethasone (5 mM dissolved in
DMSO), or gamma-radiation (“°Co) at a dose of 10 Gy. After
treatment the cells were cultured for an additional 24 hours
and harvested for FISH and western analysis.

Clinical samples of bone marrow cells and peripheral blood
lymphocytes were obtained from the Department of Internal
Medicine-Hematooncology, Masaryk University Hospital in
Brno. The plasma cell CD138* MM fraction was prepared
from bone marrow biopsies using a separator (VarioMACS,
no.: 431-02) [23] and used in the analysis. Lymphocytes were
isolated from peripheral blood of healthy donors by Ficoll-
Hypaque gradient centrifugation as described by Bartova et
al. [24] and used as controls.

DNA probe preparation for fluorescence in situ hybridization
(FISH). DNA/DNA hybridization was carried out with probes
prepared from clones from the BAC/PAC library of Prof. M.
Rocchi (Bari, Italy). We used the two BAC clones, RP11-205M9
and RP11-42A2, which contain the 1q21 insert (see Fig. 1A for
1q21 region mapped on HSA1). BAC DNA was isolated by the
standard anion-exchange procedure using a QIAGEN Large
Construct Kit (QIAGEN, #12462). The purified DNA frag-
ments were labeled using a DIG- or Biotin-Nick Translation
Mix (Roche, Germany). In this procedure every twentieth to
twenty-fifth nucleotide is modified with digoxigenin-11-dUTP
or biotin-16-dUTP; the fragment length of the labeled DNA
is 200 - 500 bp (Fig. 1B). For the nick translation reaction,
1 pg of DNA was dissolved in double-distilled water to a final
volume of 16 pl followed by the addition of 4 ul DIG- or Biotin-
Nick Translation Mix and incubation at 15°C for 90 min. The
reaction was stopped by the addition of 1 ul 0.5M EDTA and
heating at 65°C for 10 min. Following nick translation human
Cot-1 DNA (Roche) was added to ensure effective suppression
of cross-hybridization to repetitive elements. In this reaction,
120 ng of DIG- or biotin-labeled DNA, 6 ug of Cot-1 DNA,
and salmon sperm DNA to a total amount of 20 ug DNA were
combined followed by the addition of 1/10 volume 3M sodium
acetate and 2 volumes pre-chilled 96% ethanol and incuba-
tion at 70°C for 30 min. The samples were then centrifuged at
13,500 rpm for 15 min and the pellet was washed with 400 pl
70% ethanol, which had been pre-cooled to -20°C. The pellet
was lyophilized and dissolved in 20 pl hybridization buffer
(Hybrizol VII, Oncor, USA). In preparation for fluorescence in
situ hybridization (FISH) cells were washed twice in PBS, fixed
in 3.7% formaldehyde, washed again in PBS, and treated with
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Figure 1. A) Mapping of the 1q21 region of human chromosome 1 (HSA 1). B) DNA probe for the 121 region was prepared using BAC clones RP11 205M9
and RP1142A2. The purified DNA fragments were labeled using DIG- or Biotin-Nick Translation Mix (Roche, Germany). Every twentieth to twenty-
fifth nucleotide was modified with digoxigenin-11-dUTP or biotin-16-dUTP in newly synthesized DNA; the fragment length of the labeled DNA was
200 - 500 bp. C) Stringency of hybridization of the DNA-FISH probe (red) was verified on metaphase spreads in parallel with hybridization of whole
chromosome 1 (green). The probe hybridized to the 1q21 region as expected. D) 3D-FISH was performed in order to analyze nuclear distribution of
the 1921 region (red) within the chromosome 1 territory (green) in human peripheral blood lymphocytes. E) 3D-projection of nuclei of ARH-77 cells
acquired by Nipkow disc-based confocal microscopy and generated by Andor iQ software. Bars indicate 1 um.

permeabilization solutions. FISH was performed as described
in [25, 26, 27, 28]. Detection of HSA1 was carried out using
Biotin-Labeled Human Paint Box (Cambio, UK, catalog #1088-
B). The genes c-myc, TP53, CCND1, and IgH were visualized
by the use of PAC clone RP11-968N11 containing the c-myc
insertand BACs RP11-199F11 (TP53), RP11-300I6 (CCND1),
and RP11-417P24 (IgH).

Cell preparation, fixation and FISH procedures. In order to
verify stringent hybridization of the DNA probes we hybrid-
ized probes to metaphase chromosomes (Fig. 1C). Metaphase
chromosomes were prepared by standard cytogenetic methods

using colcemid at a final concentration of 0.04 pg/ml. Cells
were fixed in methanol:acetic acid (3:1), spread onto frozen
microscope slides, incubated in 2x SSC for 30 min at 37°C,
and dehydrated by passage through 70%, 80%, and then 100%
ethanol. The target DNA was denatured for 2 - 3 min at 72°C
in 70% formamide in 2x SSC, pH 7.0.

We also investigated the location of the 1921 region within
the relevant chromosome 1 (HSA1) territory in interphase
nuclei (Fig. 1D). To confirm that hybridization conditions
were optimal we carried out confocal microscopy (40 optical
sections with an axial step of 0.3 um) and generated 3D-
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projections using Andor iQ software (Fig. 1E). To conserve
the native three-dimensional structure of interphase nuclei,
cells were fixed in 4% formaldehyde. Fixed cells were washed
in phosphate-buffered saline (PBS) and treated with 0.02%
Triton X-100 for 15 min and then with 0.1 M Tris-Cl, pH
8.0, for 10 min. Cells were permeabilized in 0.1% saponin in
PBS for 10 min, washed twice in PBS, and equilibrated for 20
min in 20% glycerol in PBS. The target DNA was denatured
for 15 min at 80°C in 50% formamide in PBS. The denatured
DNA probe was then applied to the cells and hybridization
was performed overnight at 37°C in a humidified chamber.
The post-hybridization washing was done according to [29];
briefly, cells were washed in 50% formamide in 2x SSC, pH 7.0,
at 43°C for 15 min. The slides were then rinsed in 2x SSC con-
taining 0.1% Tween 20, pH 7.0, at 43°C for 8 min and then in
4x SSC containing 0.2% Igepal at room temperature for 4 min.
Rhodamine-antidigoxigenin or FITC-avidin was applied to the
slides followed by incubation under a plastic coverslip for 15
min. The coverslip was removed and the slides were washed
in 4x SSC containing 0.2% Igepal at 37°C, three times for
4 min each. TO-PRO-3 iodide (Molecular Probes) was used
at a concentration of 0.04 pug/ml as a counterstain.

Image acquisition and statistical evaluation of results. Image
acquisition was carried out by high-resolution cytometry using
a Leica DMRX A microscope (Leica, Germany) equipped with
a Nipkow disk confocal head [29, 30] and FISH 2.0 software
[31]. Forty optical sections with a z-axial step of 0.3 pm were
used for 3D-image analysis.

The fluorescence intensity, volume of genetic elements, and
the distance of selected genetic elements from the nuclear
center were calculated using FISH 2.0 software as described in
[31]. Data from FISH 2.0 analysis were exported to Sigma Plot
8.0 software (Jandel Scientific, San Rafael, California, USA) for
mathematical evaluation. Statistical analysis was performed
using Statistica software (StatSoft CR) and distribution was
assessed. The data did not display normal distributions, but
were distinctly asymmetric and, therefore, the Mann Whitney
(U-test) test was applied to all data.

Western analysis. Cell extracts were obtained by lysis in
SDS buffer (1 mM Tris, pH 7.5, containing 1% SDS and 20%
glycerol). Protein concentration was determined using the DC
Protein assay kit (Bio-Rad laboratories, USA). Ten micrograms
of total protein from each sample were separated by 10%
SDS-PAGE. Proteins were immunodetected using antibodies
against PARP (Santa Cruz, USA, catalog no. sc-7150), lamin
B (Santa Cruz, USA, catalog no. sc-6217), and Mcl-1 (Santa
Cruz, USA, catalog no. sc-819). Western analysis was carried
out exactly as described in [32].

Results

Nuclear radial distribution of 1921 region within intrephase
nuclei of selected cells. To investigate how gamma-radiation and
the cytostatic drugs melphalan and dexamethasone influence
the nuclear location of human chromosome 1 (HSA1) and

the 1921 region we performed analyses in multiple myeloma
MOLP-8 cells and lymphoblastoid ARH-77 (Table 1). Similar
nuclear parameters were measured in peripheral blood lym-
phocytes of healthy donors and in the CD138* bone marrow
fraction of MM patients. We have observed that chromosome
1 and the 1q21 region are positioned more centrally in inter-
phase nuclei of control MOLP-8 cells than in the ARH-77 cell
line (Table 1). Only dexamethasone had the effect of chang-
ing the nuclear position of the 1q21 region in MOLP-8 cells
(Table 1B). The 1q21 region was located more peripherally in
interphase nuclei of CD138* cells than in peripheral blood
lymphocytes, indicating that the chromatin is rearranged
in malignant multiple myeloma cells (Table 1C). We also
observed an increase in copy number of the 1q21 region in
clinical samples; in one sample we identified three copies of
1921 in 19% of the cells analyzed and four copies in 13% of
the cells in another MM patient. The first patient had a normal
1q21 karyotype (Table 1C). An increase in copy number for
the 1q21 region was also observed in ARH-77 and MOLP-8
cells (Fig. 2). This was confirmed on metaphase spreads (Fig.
2A and 2D) as well as in interphase nuclei (Fig. 2B, C, E, F)
and demonstrating that amplification of 1q21 is a prominent
marker of MM cells.

Nuclear distribution of selected genomic regions in lym-
phocytes and CD138* cells. In peripheral blood lymphocytes the
fluorescence gravity center of HSA1 was located more periph-
erally than the 1q21 region (Fig. 3A). A similar observation
was made in CD138" cells of an MM patient (Fig. 3B).

Our structural analyses also investigated the nuclear loca-
tion of other loci related to MM tumorigenesis and prognosis
(Table 2). We observed that in the interphase nuclei of ARH-77
cells only the c-myc gene was located more peripherally than
the 1q21 region. CCND1 showed similar nuclear parameters
to 1q21, while the TP53 and IgH loci were positioned closer to
the nuclear center than 1q21 (Table 1 and Table 2). In MOLP-
8 cells c-myc, TP53, CCNDI, IgH and the t(CCND1;IgH)
translocation were all located more peripherally than the
1q21 region in interphase nuclei. Further, our FISH results
confirmed the conclusion drawn from the data in Table 1 that
the cytostatic effects of selected clinical agents have a subtle
or no influence on cytogenetic parameters such as the nuclear
radial distribution of the genetic elements analyzed here.

MOLP-8 cells are characterized by the presence of trans-
location t(11;14), which involves the CCND1 and IgH loci
[33]. Similar to the ARH-77 cells, the c-myc, CCND1, TP53,
and IgH loci were not repositioned in interphase nuclei of
MOLP-8 cells in response to treatment with cytostatic drugs
or gamma-radiation. However, the CCND1/IgH fusion gene
(positioned at ~54% of the nuclear radius) was located closer
to the fluorescence gravity center than the IgH locus (posi-
tioned at ~58% of nuclear radius). The CCND1 locus, which
is not involved in the translocation, was also located centrally
at 54% of the nuclear radius (Table 2). Cytostatic treatment
and gamma-irradiation also did not change the nuclear radial
position of fusion genes (Table 2).
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Table 1
A. Average radial distance of HSA1 from the nuclear center (C) in ARH-77 and MOLP-8 cells.

ARH-77 C-HSA 1/R + S.E. (%) MOLP-8 C-HSA 1/R £ S.E. (%)
control 66.0 £ 2.7 control 60.5+ 1.9
melphalan 68.1+3.2 melphalan 583+ 2.1
dexamethasone 69.2+44 dexamethasone 61.7 £2.0
y-irradiation 62.6+2.0 y-irradiation 64.5+3.3

B. Average radial distance of the 1q21 region from the nuclear center (C) in ARH-77 and MOLP-8 cells

ARH-77 C-1q21/R +S.E. (%) MOLP-8 C-1q21/R £ S.E. (%)
control 60.2+2.3 control 48.8+2.0
melphalan 64.0+2.9 melphalan 57.3+2.8
dexamethasone 59.7+1.9 dexamethasone 60.8 2.7 %
y-irradiation 63.2+1.7 y-irradiation 56.6 + 3.6

Asterisk (*) indicates P < 005.

C. Average radial distance of the 1q21 region from the nuclear center (C) in lymphocytes and CD138* multiple myeloma cells.

Signals (No.) Cells (%) C-1q21/R £ S.E. (%) R+ S.E. (um)
Lymphocytes 2 100 43.4+0.7 1.9+0.1
CD 138" MM cells patient 1 68 489+09*
patient 2 19 57.1+34* 22+0.1
patient 3 13 57.5+4.3*

Asterisk (*) indicates P < 005. R represents average radius of nuclei. All data are normalized to the local nuclear radius (R).

Table 2. Average radial distance between selected genes and the nuclear center in ARH-77 and MOLP-8 cells.

A

ARH-77 C-c-myc/R £S.E. (%) C-TP53/R £S.E. (%) C-CCNDI1/R %S.E. (%) C-IgH/R £S.E. (%)
No. of signals 5 » 3 3
analyzed
control 65.1 £1.2 52.0+1.3 60.0 = 1.6 555+ 1.5
dexamethasone 64.0+ 1.9 49.3+0.5 581+14 553+ 1.3
melphalan 61.3+1.6 50.5+0.6 59.2+1.2 56.1+1.3
y-irradiation 64.0 1.8 49.3£0.5 554 +1.1 60.4 £ 1.1

B

MOLP-8 (signal no.) C-c-myc/R £S.E. (%) C-TP53/R £S.E. (%) C-CCNDI1/R £S.E. (%) C-IgH/R £S.E. (%) C-t(CCND1/IgH) /R

+S.E. (%)

No. of signals 3 2 1# 3 1
analyzed
control 63.4+15 51.7+1.6 536+13 579+1.1 535+15
dexamethasone 65.1+1.3 476 £1.5 60.1 £2.5 60.8 + 2.6 55.6+24
melphalan 64.4+1.2 51.2+1.0 512+1.7 553+ 1.7 52.7+1.3
y-irradiation 64.4+1.3 51.6+1.3 525+ 1.7 56.7 £ 1.7 543+14

Data are expressed as percentages and are normalized to the local nuclear radius (R). All measurements were performed 24 hours after cytostatic treatment.
Clinically used cytostatic agents and gamma-radiation have no effect on nuclear parameters such as the number of numerical aberrations and the distance
between the fluorescence gravity centers of nuclei and selected genes.
#, a second signal was involved in translocation.
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ARH-77

MOLP-8

Figure 2. A) Analysis of the 1q21 region (red) of HSA1 (green) in mitotic chromosomes of ARH-77 cells and B and C) in interphase nuclei of ARH-77
cells. D) The 1q21 region (red) and HSA1 (green) in mitotic chromosomes of MOLP-8 cells and E and F) in interphase nuclei of MOLP-8 cells. Bars

indicate 0.5 pm.

Mcl-1 gene, mapped to 1921 region, is an important diag-
nostic marker for MM. Mcl-1 is an anti-apototic Bcl-2 family
protein and has been identified as an important factor in early
induction during myeloblastic leukemia cell differentiation
[21]. Mcl-1 can be alternatively spliced into long (Mcl-1,) and
short (Mcl-1,) variants. The role of this protein is discussed
with respect to multiple myeloma in [22]. In our study western
analysis of the long (Mcl-1,) and short (Mcl-1) forms showed
that only MM MOLP-8 cells express the short Mcl-1, variant
at high levels, suggesting that this variant may be an important
marker that could be used in MM diagnosis. The Mcl-1, form
was expressed in both lymphoblastoid and myeloma cells, but
the highest level was again observed in the MOLP-8 cells. Both
ARH-77 and MOLP-8 cells express a significantly higher level
of Mcl-1, than peripheral blood lymphocytes and variant Mcl-
1, is completely absent in lymphocytes of healthy donors (Fig.
4). Because Mcl-1 is associated with induction of apoptosis,
we also analyzed the other markers of this type of cell death,
PARP (120 kDa) and lamin B (60 kDa). Using western analysis
we examined the levels of the 80-kDa PARP cleavage product,

an indicator of the presence of apoptotic cells, and observed
that melphalan and gamma-irradiation are strong inducers
of apoptosis in both ARH-77 and MOLP-8 cells. In contrast,
dexamethasone treatment increased PARP cleavage to a level
only slightly above background (Fig. 4). Similarly, cleavage of
lamin B (60 kDa) into a 45-kDa fragment was significantly
increased after melphalan treatment and gamma-irradiation
(Fig. 4).

Discussion

In this study we have presented an analysis of the nuclear
radial distribution of the 1q21 region, which is an important
diagnostic and prognostic tool for multiple myeloma. In ad-
dition, we have shown that the Mcl-1 gene, which maps to the
1q21 region, and its protein variants (Mcl-1 ) and (Mcl-1,)
can serve as valuable diagnostic tools for clinics dealing with
MM pathophysiology.

When we analyzed the nuclear radial distribution of HSA1
and its 1q21 region and the c-myc, CCND1, TP53, and IgH



410

S.LEGARTOVA, J. KREJCI, A. HARNICAROVA, R. HAJEK, S. KOZUBEK, E. BARTOVA

>

CD138+ MM cells

0,030
0,025
0,020
0,015
0,010
0,005
0,000

1921
Probabitity

0,030
0,025
0,020
0,015
0,010
0,005
0 uuo

HSA 1

Probabitity

Lymphocytes
C-1q21/R=434%£0.7%
—
o
=2
e
UL
0 20 4 60 80 100
Nuclear radius (%)
C-HSAI/R=61.8%1.4%
-
<
7!
H =
Hnnﬂ I
60 80 100
.\uclear radius (%)

Probabitity

Pmbabilily

x = o,
003 . C-1Q2IR=489£0.9%

0,025
0,020
0,015
0,010
0,005

0,000
0 20 40 60 20

Nuclear radius (%)

100

v - 0
0,030 C-HSA1/R=572%13%

0,025
0,020
0,015
0,010

0,005
0,000 l_ll_l M

100

il

.\Iuclear radlus (%)
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Figure 4. Western analysis of PARP, lamin B, and Mcl-1 variants. Evidence of apoptotic cleavage of PARP (120 kDa) into an 80-kDa fragment and of
lamin B (60 kDa) into a 45-kDa fragment was observed. The full-length large Mcl-1, (40 kDa) and short Mcl-1, (32 kDa) variants were examined in
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genes in either lymphoblastoid ARH-77 or MOLP-8 MM cells
that had been treated with clinically-used cytostatic drugs or
gamma-radiation, in the majority of cases we observed no
significant changes in nuclear radial positioning (Table 1 and
Table 2). Unchanged nuclear arrangement after gamma-ra-
diation is also documented by Jirsova [34], where altered loci
positions were reported within a short time (2h) of gamma-
radiation. However, the loci were restored to their original
nuclear positions with prolonged 24h-cell cultivation after
irradiation. The relatively conserved nuclear locations of the
TP53 and RB1 genes after gamma-radiation were also observed
in our previous studies with retinoblastoma cells; however,
cisplatin treatment resulted in repositioning of TP53 and Rb1
closer to the nuclear center [26]. This implies that different
cytostatic drugs have distinct effects on the nuclear radial ar-
rangement of tumor suppressor genes and, importantly, that
these effects are cell-type-dependent.

The next part of our analysis of nuclear radial arrangements
addressed the derivative chromosome, which results from the
translocation of the CCND1 and IgH genes in MOLP-8 MM
cells. We observed that the fusion gene was positioned at approx-
imately 54% of the nuclear radius, similar to the karyotypically
normal CCND1 gene (Table 2). In contrast, the IgH gene was
located at approximately 58% of the nuclear radius in control
and cytostatic-treated MOLP-8 cells (Table 2B). This observation
was reproduced in all cases studied. The central nuclear position-
ing of the normal CCND1 gene in MOLP-8 cells (Table 2B) is
probably associated with the increased transcriptional activity
of CCNDI1 in these cells [35]. This observation correlates well
with the widely-observed phenomenon that sites of active tran-
scription are preferentially located in the nuclear interior [30,
36, 37], while silenced loci occupy the more peripheral regions
of interphase nuclei [38]. Surprisingly, our structural data on
the nuclear radial distribution of translocated loci do not cor-
relate with previously data reported [27, 28], suggesting that the
average nuclear radial positions of fusion genes are determined
by the final structure of the derivative chromosome on which
they are located. Similarly, in a patient suffering from chronic
myeloid leukemia, the BCR/ABL fusion gene was positioned at
an intermediate distance from the normal BCR and ABL genes
inleukemia cells [32]. These contradictions can be explained by
the appearance of an additional t(4;11) translocation involving
the CCND1 gene in MOLP-8 cells [33]. This chromosomal
rearrangement could influence the nuclear radial distribution
of other CCNDI1 loci not involved in t(11;14). Nevertheless,
all these data support the conclusion that disorder in spatial
genome organization increases the probability of inducing
chromosome translocations as reported by Kozoubek and Roix
[39,40] and summarized by Soutoglou [41]. Kozubek et al. [39]
have shown that the physical distance between loci is an impor-
tant parameter for the induction of nuclear processes that lead
to structural aberrations such as translocations. Moreover, as
suggested by Meaburn [42], knowledge of the precise functional
relevance of gene positioning in cancer cells could influence the
direction and suggest new strategies for early cancer diagnosis.

Similarly, a regulatory function of the Mcl-1 protein, particularly
its truncated variant Mcl-ls, represents an attractive target for
future MM therapeutic interventions. The Mcl-1 variant may
be not only a promising diagnostic tool for MM, but may also
serve as a specific target for anticancer therapy.
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